R
efractive error is one of the most common causes of visual impairment [1] [2] [3] [4] [5] [6] [7] [8] [9] and the second leading cause of treatable blindness worldwide. [2] [3] [4] [5] [6] [10] [11] [12] [13] Uncorrected refractive error has been recognized as a significant cause of avoidable visual disability and was included as a priority eye disease in Vision 2020: The Right to Sight, a global initiative to eliminate avoidable blindness by the year 2020. 14 To assess the prevalence of uncorrected refractive error in children of different ethnic origins and cultural settings worldwide, the Refractive Error Study in Children 15 was conducted over the past decade and reported a prevalence of uncorrected refractive error ranging from 3% to 7% in children in developing and developed countries. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Uncorrected refractive error, especially among children and adolescents, has extensive social and economic impact worldwide, including limiting educational and employment opportunities. 27 In the United States, several studies have assessed the prevalence of visual impairment and refractive error by using data from the National Health and Nutrition Examination Survey (NHANES), 28 a large population-based survey conducted annually. Clinically important refractive error defined as myopia À1.00 diopter (D) or hyperopia ‡ 3.00 D affects half of the adult population in the United States, and an increasing prevalence of myopia has been noted over the past 3 decades. [29] [30] A previous study estimated that 6.4% of individuals over age 12 have visual impairment 20/50, and visual acuity in 83% of these individuals could be substantially improved with refractive correction. 31 Despite the extensive evidence worldwide that visual impairment due to uncorrected refractive error causes a significant public health burden, there are many people in the United States and other industrialized countries who live without appropriate refractive correction. This study aimed to identify risk factors for uncorrected and undercorrected refractive error resulting in visual impairment, using data from the NHANES, with an emphasis on identifying racial and ethnic disparities in access to adequate refractive correction.
METHODS

Sample and Population
We used data from the 2005 to 2008 NHANES, a cross-sectional series of interviews and examinations of the civilian, noninstitutionalized US population, administered by the Centers for Disease Control and Prevention. The purpose of NHANES is to make publically available de-identified health-related information pertaining to the US population. NHANES uses a stratified multistage sampling design with a weighting scheme to accurately estimate disease prevalence in the US population.
Our analysis included all NHANES participants between the years 2005 and 2008 who (1) were aged 12 years or older at the time of the examination and (2) had no history of refractive surgery. Subjects were excluded if they were unable to complete the visual acuity examination or were unable to answer the survey question about whether they already wore glasses or contact lenses for distance vision. The vision examination was conducted only in subjects aged 12 years or older, so children under the age of 12 were not included in this study population.
Measures
The primary predictor variable was race/ethnicity, determined by self-report on a survey questionnaire and subsequently organized by NHANES into 5 categories: Mexican American, Other Hispanic, non-Hispanic white, non-Hispanic black, and other and multiracial. Participants were first asked ''Do you consider yourself Hispanic/Latino?'' If they responded ''yes,'' then they were asked to indicate ''the group that represents your Hispanic origin or ancestry.'' Participants who selfidentified as ''Mexican American'' were coded as such, regardless of their other race/ethnicity identifiers. Otherwise, self-identified ''Hispanic'' ethnicity was coded as ''Other Hispanic.'' All non-Hispanic participants were asked, ''What race do you consider yourself to be?'' and were subsequently classified as non-Hispanic white, non-Hispanic black, or other non-Hispanic race, including non-Hispanic multiracial. In an effort to investigate a possible association between race/ ethnicity minority status and inadequate refractive correction, the non-Hispanic white group was selected as the reference standard to which all other groups were compared. Secondary predictor variables, and possible confounders, included age, sex, annual household income, education level, health insurance coverage, severity and type of refractive error, current glasses or contact lens use, presenting visual acuity, best corrected visual acuity, self-reported history of cataract surgery, self-reported glaucoma, and self-reported age-related macular degeneration (AMD). Subjects were divided into 3 age categories: 12 to 19 years old, 20 to 39 years old, and 40 or more (40þ) years old. Subjects aged 12 to 19 might still have been attending school at the time of their NHANES participation, so the education variable was included only in the analysis for subjects in the other 2 subgroups aged 20þ years. The question regarding history of cataract surgery was asked only of subjects aged 20þ years, and the questions regarding glaucoma and AMD were asked only of subjects aged 40þ years. Refractive error was measured with an Auto Refractor model ARK-760 instrument (Nidek Co., Ltd., Gamagori, Japan). Trained technicians obtained three measurements from each eye, and the median spherical equivalent of each eye was calculated by taking the sum of the spherical power and half of the cylindrical power. The spherical equivalent measurements from the subject's two eyes were averaged to determine the overall mean spherical equivalent for the subject. We based our refractive error categories on those used by Vitale et al. 29 in their study of refractive error using the NHANES database. Clinically important myopia and hyperopia were defined as a spherical equivalent À1.00 D and ‡3.00 D, respectively. Myopia severity was further categorized based on criteria previously used in a study of myopia and glaucoma in the United States using the NHANES database. 32 Emmetropia was defined as between À0.99 D and þ3.00 D, mild myopia was defined as À1.00 D to À2.99 D, moderate myopia as À3.00 D to À5.99 D, and severe myopia as À6.00 D. Clinically meaningful astigmatism was defined as a cylindrical power with an absolute value of ‡1.50 D in 1 or both eyes. Presenting visual acuity and best corrected visual acuity were also measured with the Auto Refractor model ARK-760 instrument (Nidek) with a built-in visual acuity chart. The initial test included measurement of ''presenting visual acuity'' with distance correction, if any, that the subject wore on the day of the examination. If the subject's presenting visual acuity was 20/30 or worse, a ''best corrected visual acuity'' aided by refractive correction was subsequently measured. Data from the eye with better vision was used to define presenting visual acuity and best corrected visual acuity for this analysis. A threshold of 20/ 40 was used by Vitale et al. 31 in their study of visual impairment using the NHANES database, and that threshold was also deemed appropriate for this analysis, due in part to the fact that such a cutoff is commonly used for maintenance of a driver's license and for determining whether cataract surgery is indicated.
The primary outcome variable for this study was the proportion of individuals with inadequate refractive correction to achieve a visual acuity of 20/40 or better for whom refractive correction might result in visual acuity of 20/40 or better. Subjects' vision status was categorized by incorporating information about their presenting visual acuity, best corrected visual acuity, and whether they already wore glasses or contact lenses for distance vision. Subjects were classified as ''does not need refractive correction'' if their presenting visual acuity was 20/40 or better and they did not report wearing glasses or contact lenses. Subjects were classified as having a ''visual impairment that cannot be corrected with refraction'' if their presenting visual acuity was 20/50 or worse and their best corrected visual acuity remained 20/50 or worse. Subjects were classified as having ''appropriate refractive correction'' if their presenting visual acuity was 20/40 or better and they reported wearing glasses or contact lenses. Subjects were classified as having ''undercorrected refractive error'' if their presenting visual acuity was 20/50 or worse, their best corrected visual acuity was 20/40 or better, and they reported wearing glasses or contact lenses. Lastly, subjects were classified as having ''uncorrected refractive error'' if their presenting visual acuity was 20/50 or worse, their best corrected visual acuity was 20/40 or better, and they do not report wearing glasses or contact lenses.
Data Analysis
For examination of study population characteristics, we compared the distribution of each predictor variable across subjects in each age group, using the design-adjusted Rao-Scott Pearson-type v 2 test. The overall prevalence of inadequately corrected refractive error was calculated for subjects in all age and race/ethnicity groups; subjects with inadequately corrected refractive error included those with uncorrected as well as undercorrected refractive error. The relative prevalence of inadequately corrected refractive error was calculated by totaling the number of subjects with uncorrected and undercorrected refractive error and dividing by the total number of subjects with correctable refractive error. Subjects who did not require refractive correction and those whose visual impairment could not be corrected with refraction were excluded from this relative percent calculation. Such subjects, by definition, would not benefit from refractive correction. Next, multivariate logistic regression models were created to identify independent predictors for inadequate refractive correction in subjects with correctable refractive error while adjusting for potential confounders. Once again, only subjects with correctable refractive error were included in this analysis. Next, to examine the joint effect of race/ethnicity and other risk factors, the relative prevalence of inadequate refractive correction among subjects of each race/ethnicity was calculated for each risk factor subgroup. In an effort to most accurately calculate confidence intervals around estimates for the US national population, we performed all data analyses (Stata version 12.0 software; Stata Statistical Software, College Station, TX, USA) using weighted data, calculating standard errors of population estimates using Taylor linearization methods.
RESULTS
The 2005 to 2008 NHANES database yielded 13,897 participants aged 12 years and older, of which 12,852 participants had no history of refractive surgery. After excluding subjects who were unable to complete the visual acuity examination or answer the survey question about whether they wore glasses or contact lenses for distance vision, the study population consisted of 12,758 subjects.
Characteristics of the study population are described in Table 1 . Distribution of subjects in each age group was 3209 aged 12 to 19 years; 3345 aged 20 to 39 years; and 6204 aged 40þ years. Overall, 51.1% of subjects were male. Distribution of race/ethnicity was 8.6% Mexican American, 4.3% other Hispanic, 70.0% non-Hispanic white, 11.6% non-Hispanic black, and 5.5% other and multiracial. The prevalence of glasses or contact lens use was 48.2% overall, lowest in subjects aged 12 to 19 years old (34.3%), and highest in subjects aged 40þ years old (57.7%). The prevalence of having a presenting visual acuity 20/50 or better was 7.6% overall and higher in subjects aged 12 to 19 years old (10.0%) than in subjects 20þ years old (7.2%).
Subject's vision status was classified in 5 categories based upon presenting visual acuity, best corrected visual acuity, and whether they reported wearing glasses or contact lenses (Table  2) . Overall, 48.0% of all subjects did not require refractive correction to achieve a visual acuity of 20/40 or better; 1.4% of subjects had a visual impairment that could not be improved to 20/40 or better even with refractive correction; 44.7% of subjects already had the appropriate refractive correction to achieve a visual acuity of 20/40 or better; 2.7% of subjects had an undercorrected refractive error, and their presenting visual acuity was 20/50 or worse with their current corrective lenses and could be improved to 20/40 or better with additional refractive correction; and 3.3% of subjects had uncorrected refractive error and did not currently wear any corrective lenses, although their visual acuity could be improved to 20/40 or better with refractive correction. The absolute prevalence of correctable refractive error was 50.6%, and the absolute prevalence of inadequately corrected refractive error, including uncorrected or undercorrected refractive error, was 5.9%. The proportion of subjects with correctable refractive error who were inadequately corrected was 11.7% overall. This parameter was highest in the 12 to 19 year age group (23.7%) and in the Mexican American race/ethnicity group (27.3%).
Multivariate logistic regression was performed to identify independent predictors of inadequate refractive correction in subjects with correctable refractive error, adjusting for confounding variables (Table 3 ). In subjects aged 12 to 19 years old, male sex (odds ratio [OR], 1.5; 95% confidence interval [CI], 1.0-2.2, P ¼ 0.04), Mexican American race (OR, 2.8; 95% CI, 2.0-4.0; P < 0.0001), and non-Hispanic black race (OR, 3.3; 95% CI, 2.1-5.1; P < 0.0001) were associated with significantly increased odds of having inadequate refractive correction. In subjects aged 20 to 39 years old, male sex (OR, 1.6; 95% CI, 1.0-2.6; P ¼ 0.04), Mexican American race (OR, 1.8; 95% CI, 1.1-3.1; P ¼ 0.02), non-Hispanic black race (OR, 2.2; 95% CI, 1.5-3.3; P < 0.0001), annual household income of <$20,000 (OR, 1.7; 95% CI, 1.0-2.9; P ¼ 0.04), <ninth grade education (OR, 9.5; 95% CI, 3.5-26.0; P < 0.0001), ninth to 11th grade education (OR, 3.3; 95% CI, 1.7-6.2; P ¼ 0.001), and high school graduate equivalent education (OR, 1.7, 95% CI, 1.1-2.7; P ¼ 0.001) were associated with significantly increased odds of having inadequate refractive correction. In subjects aged 40þ years, Mexican American race (OR, 1.9; 95% CI, 1.3-2.8; P ¼ 0.003), non-Hispanic black race (OR, 2.0; 95% CI, 1.4-2.9; P < 0.0001), other or multiracial ethnicity (OR, 2.3; 95% CI, 1.1-4.8; P ¼ 0.03), annual household income of <$20,000 (OR, 1.7; 95% CI, 1.1-2.6; P ¼ 0.02), <ninth grade education (OR, 2.5; 95% CI, 1.5-4.3; P ¼ 0.001), lack of health insurance coverage (OR, 2.0; 95% CI, 1.2-3.4; P ¼ 0.008), astigmatism (OR, 1.6; 95% CI, 1.1-2.2; P ¼ 0.02), and self-reported AMD (OR, 1.8; 95% CI, 1.0-3.3; P ¼ 0.04) were associated with significantly increased odds of having inadequate refractive correction. Greater myopia severity was associated with significantly decreased odds of inadequate refractive correction in all age groups.
The joint effect of race/ethnicity and other risk factors was investigated by calculating the relative prevalence of inadequate refractive correction in multiple subgroup analyses (Table 4) . Mexican Americans and non-Hispanic blacks had a higher prevalence of inadequately corrected refractive error than their non-Hispanic white counterparts within every strata of each risk factor subgroup, except for the college educated subgroup, where the prevalence was 3.5% in Mexican Americans and 5.1% in non-Hispanic whites.
Within the subpopulation of subjects with undercorrected refractive error, mild myopia was the most prevalent type of refractive error in all race/ethnicity groups, and the prevalence of moderate and severe myopia was higher in Mexican American (13.4% and 8.9%, respectively) and non-Hispanic black (19.9% and 5.8%) groups than in the non-Hispanic white (11.0% and 5.0%, respectively) group (Table 5) .
DISCUSSION
This study of a population-based sample of US residents aged 12 years old and older found the overall prevalence of correctable refractive error to be 50.6%. Within this subpopulation, 88.3% had adequate refractive correction resulting in a presenting visual acuity of 20/40 or better, but 11.7% had undercorrected or uncorrected refractive error resulting in a presenting visual acuity of 20/50 or worse. Mexican American and non-Hispanic black race/ethnicities were the strongest predictors for inadequate refractive correction in every age group and socioeconomic strata. More than one-third of all Mexican American and African American teenagers with correctable refractive error lacked adequate refractive correction. Low annual household income and low education level were especially strong predictors in adults aged 20 to 30 years old, which points to socioeconomic barriers for adults in accessing and maintaining routine eye care. Approximately one-third of Mexican Americans with an annual household income of <$45,000 or less than a high school education who had correctable refractive error lacked adequate refractive correction. Interestingly, Mexican Americans with a college education or beyond had a low prevalence of inadequate refractive correction that was similar to that of their Caucasian counterparts. Even among those with health insurance, approximately 20% of Mexican Americans and African Americans with correctable refractive error lacked adequate refractive correction, compared to only 8% of Caucasians. This disparity was even more considerable among those who did not have health insurance, where 30% of African Americans and 40% of Mexican Americans lacked adequate refractive correction compared to only 14% of Caucasians. These results
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suggest that having health insurance is not adequate for many non-Caucasian patients to seek the vision care they need if they do not realize the importance of routine follow-up visits to obtain updated prescriptions. Additional targeted efforts to provide culturally appropriate education may be necessary to encourage patients to seek routine eye care visits. Among Mexican Americans with correctable refractive error, 17% of those with moderate myopia and 18% of those with severe myopia did not have adequate refractive correction, compared to only 3% of Caucasians. This suggests that Mexican Cataract surgery** n/a 0.3 10.4 6.6 <0.0001 Glaucoma** n/a n/a 5 n/a n/a AMD** n/a n/a 3.2 n/a n/a GED, general education development; HS, high school; n/a, not applicable. * All proportions are weighted estimates of the US population, taking into account NHANES' complex sampling design. † All P values are unadjusted and were calculated using the design-adjusted Rao-Scott Pearson v 2 test. ‡ Participants who were unable to provide a more specific annual household income were asked to indicate whether the household income exceeded $20,000 per year.
§ Information about education level was not included for subjects 12 to 19 years old because some of those subjects might still have been in school at the time of the examination and survey.
jj Refractive error was defined as the mean spherical equivalent for 2 eyes. Emmetropia (À0.99 to 2.99 D), mild myopia (À1.00 to À2.99 D), moderate myopia (À3.00 to À5.99 D), severe myopia ( À6.00 D), hyperopia ( ‡3.00 D).
# Astigmatism was defined as a cylindrical power with an absolute value of ‡1.50 D in 1 or both eyes. Visual acuity was measured with distance correction, if any, that the subject wore on the day of the examination. In subjects presenting with visual acuity of 20/30 or worse, a best corrected visual acuity aided by refractive correction was also measured. ** Self-reported history of cataract surgery was assessed only in subjects aged 20þ years; self-reported history of glaucoma was assessed only in subjects aged 40þ years; and self-reported age-related macular degeneration (AMD) was assessed only in subjects aged 40þ years.
Americans may wait until their vision is more severely impaired before visiting an eye care professional, possibly due to lack of access, lack of education, or other socioeconomic barriers.
Our results support findings from previous large population-based studies which assessed racial disparities in ophthalmic health access and outcomes in the United States. A prior analysis of subjects aged 12 years or older from the 1999 to 2002 NHANES database estimated the prevalence of visual impairment due to uncorrected refractive error to be 6.4% overall with 83.3% correctable with refraction. 31 The prevalence of correctable visual impairment was higher in Hispanic (9.2%), non-Hispanic black (6.9%), and other and multiracial (9.3%) subjects than in non-Hispanic white (4.1%) subjects. 31 In comparison, our analysis of the more recent 2005 to 2008 NHANES found a similar prevalence of inadequately corrected refractive error in all subjects aged 12 years and older (5.9%). The prevalence was higher in Mexican American (9.8%), other Hispanic (8.8%), non-Hispanic black (8.8%), and other and multiracial subjects (8.0%) than in the non-Hispanic white group (5.7%), suggesting that there has not been much improvement in eliminating these racial disparities over the past decade.
There are several possible explanations for our findings pertaining to these race/ethnicity disparities. Mexican Americans and other Hispanics, African Americans, and other ethnic minorities, including some Asian groups, have been historically medically underserved in the United States and may not have the same access to ophthalmic care compared to Caucasians. A previous study of adults in the United States from the 2008 National Health Interview Survey (NHIS) database reported lower rates of annual ophthalmic care visits among Hispanic (36.9%) subjects than among non-Hispanic black (47.2%) and non-Hispanic white (52.6%) subjects. 33 This difference may be due to lack of education and awareness about the necessity of routine ophthalmic care visits or lack of affordable options for ophthalmic care in these underserved groups.
Access to routine eye care may differ by race in part because of disparities in insurance coverage. It should be noted, however, that the NHANES database does not specify whether vision benefits are included in subject's insurance coverage plan, which undoubtedly impacts subjects' access to ophthalmic care providers for refractive correction and followup care. Despite adjustment for insurance coverage in our multivariate model, race/ethnicity remained independently associated with inadequately corrected refractive error.
Another explanation for the racial disparities in obtaining appropriate refractive correction may be income. It is likely that many low income subjects who had undergone an initial ophthalmic evaluation were found to have a correctable refractive error and were aware of their need for corrective lenses yet were unable to afford the recommended glasses or contact lenses. Such a possibility was supported by a study using the 2008 NHIS database, which reported higher rates of being unable to afford eyeglasses when needed among subjects of Hispanic (26.7%) race/ethnicity than in non-Hispanic black (15.3%) and non-Hispanic white (16.0%) race/ethnicity. 33 Our study also identified low annual household income as a predictor for inadequate refractive correction, and the prevalence of inadequate refractive correction was higher among low-income Mexican Americans and African Americans than low-income Caucasians. † † Percent of all subjects with inadequately corrected refractive error, calculated as the sum of those with undercorrected and uncorrected refractive error.
‡ ‡ Relative percentage of subjects with inadequately corrected refractive error, calculated by dividing the prevalence of inadequately corrected refractive error by the prevalence of all correctable refractive error. <0.0001 n/a n/a n/a n/a n/a n/a n/a n/a n/a 20-39 years 1.0 (reference) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 40þ years 0.5 0.4-0.7 <0.0001 n/a n/a n/a n/a n/a n/a n/a n/a n/a Sex Male Education ‡ <Ninth grade n/a n/a n/a n/a n/a n/a 9.5 3.5-26.0 <0.0001 2.5 1.5-4.3 0.002 Ninth-11th grade n/a n/a n/a n/a n/a n/a 3.3 1.7-6.2 0.001 1.6 0.9-2.7 0.1 HS grad/GED equivalent n/a n/a n/a n/a n/a n/a 1.7 1.0-2.7 0.001 1.3 0.7-2.3 0.4 Some college n/a n/a n/a n/a n/a n/a 1.1 0.6-2.0 0.7 1.2 0.7-2.2 0.4 College grad and beyond n/a n/a n/a n/a n/a n/a 1.0 (reference) n/a 1.0 (reference) n/a Health insurance coverage Cataract surgery ¶ Yes n/a n/a n/a n/a n/a n/a 0.5 0.1-5.4 0.6 1.1 0.7-1.8 0.5 No n/a n/a n/a n/a n/a n/a n/a n/a n/a 1.0 (reference) n/a Glaucoma ¶ Yes n/a n/a n/a n/a n/a n/a n/a n/a n/a 0.9 0.5-1.5 0.6 No n/a n/a n/a n/a n/a n/a n/a n/a n/a 1.0 (reference) n/a AMD ¶ Yes n/a n/a n/a n/a n/a n/a n/a n/a n/a 1.8 1.0-3.3 0.04 No n/a n/a n/a n/a n/a n/a n/a n/a n/a 1.0 (reference) n/a * 95% CI, 95% confidence interval; GED, General Education Development; HS, high school; n/a, not applicable; OR, odds ratio. † Participants who were unable to provide a more specific annual household income were asked to indicate whether the household income exceeded $20,000 per year.
‡ Information about education level was not included for subjects aged 12 to 19 years old because some of these subjects might still have been in school at the time of the examination and survey.
§ Refractive error was defined as the mean spherical equivalent of the 2 eyes. Emmetropia (À0.99 to 2.99 D), mild myopia (À1.00 to À2.99 D), moderate myopia (À3.00 to À5.99 D), severe myopia ( À6.00 D), hyperopia ( ‡3.00 D).
jj Astigmatism was defined as a cylindrical power with an absolute value of ‡1.50 D in 1 or both eyes ¶ Self-reported history of cataract surgery was assessed only in subjects aged 20þ years; self-reported history of glaucoma was assessed only in subjects aged 40þ years; and self-reported age-related macular degeneration (AMD) was assessed only in subjects aged 40þ years.
There are several limitations to our study, including the generalized classification of racial/ethnic groups. For example, the ''other Hispanic'' group includes a diverse array of Hispanic subjects who are not Mexican American, the ''non-Hispanic white'' group includes Middle Eastern subjects who are generally considered ethnically distinct from others classified in this group, and the extremely broad ''other and multiracial'' group includes all East Asians, South Asians, and non-Hispanic GED, General Education Development; HS, high school. * Participants who were unable to provide a more specific annual household income were asked to indicate whether the household income exceeded $20,000 per year.
† Information about education level was not included for subjects aged 12 to 19 years old because some of those subjects might still have been in school at the time of the examination and survey.
‡ Refractive error was defined as the mean spherical equivalent of the 2 eyes. Emmetropia (À0.99 to 2.99 D), mild myopia (À1.00 to À2.99 D), moderate myopia (À3.00 to À5.99 D), severe myopia ( À6.00 D), hyperopia ( ‡3.00 D).
§ Astigmatism was defined as a cylindrical power with an absolute value of ‡1.50 D in 1 or both eyes. jj Self-reported history of cataract surgery was assessed only in subjects aged 20þ years, self-reported history of glaucoma was assessed only in subjects aged 40þ years, and self-reported age-related macular degeneration (AMD) was assessed only in subjects aged 40þ years. multiracial subjects. These categories consist of very diverse groups of subjects not commonly considered to be one racial/ ethnic group. However, because our study focused on the barriers to vision care access rather than molecular genetics of disease inheritance, these popular definitions of race/ethnicity seem to fit commonly accepted classifications in the United States, and thus, the overly simplistic race/ethnicity categories used in NHANES are likely useful in understanding disparate access to care in our society. Additional studies using databases with more specific information about race/ethnicity would be required to investigate uncorrected refractive error as a cause of correctable visual impairment among those of various ethnic origins residing in the United States. Another limitation was that it was ascertained whether subjects wore corrective lenses for distance vision by using a question that might have been misunderstood. For example, some patients who normally wore glasses and forgot to wear them on the day of the examination might have answered the survey question incorrectly. This could be a potential source of bias rather than random error if the question was more commonly misunderstood by some race/ethnicity groups than others. Furthermore, refraction measurements in NHANES were performed using an autorefractor without subsequent refinement with subjective refraction. To the extent that there might have been greater accommodation in subjects of one race/ ethnicity versus another, there is the potential for bias toward greater myopia in the former versus the latter group, particularly given that cycloplegic refraction was not used to supplement autorefraction. Furthermore, the use of noncycloplegic refraction would tend to overestimate the prevalence of myopia and underestimate the prevalence of hyperopia. Most studies of refractive error measure this parameter under cycloplegia, 34, 35 and the use of noncycloplegic refraction in epidemiological studies may result in considerable measurement errors, particularly in school-age children between 7 and 18 years of age. 36 These errors become less significant in older populations, especially after the fifth decade, due to reduction in accommodation with age. 37 Because our study population included all subjects aged 12 years and older, cycloplegic refraction would have been a more appropriate method than that used in the study, especially among the younger age groups. However, because our study was a secondary analysis using the NHANES database and the NHANES protocol did not include cycloplegic refraction, we were limited to using noncycloplegic autorefraction data. The impact of such error associated with non-cycloplegic refraction would result in bias only to the extent that it differentially influenced the various race/ethnicity groups included in our study, and there is no reported scientific evidence supporting such a difference. Because our study is a cross-sectional population-based study, we cannot draw any conclusions about the mechanism by which Mexican American or African American race/ethnicity may lead to inadequately corrected refractive error. Furthermore, we cannot draw any conclusions about the direction of causation, and it is certainly possible that the association we identified between inadequately corrected refractive error and low socioeconomic status is partly attributable to inadequately corrected refractive error resulting in limited educational and employment opportunities. Finally, our study defines 20/40 as the acceptable visual acuity cutoff, in part due to an arbitrary standard being used by some for maintenance of a driver's license or determining whether cataract surgery is indicated. Although such a cutoff may allow us to distinguish those who would most benefit from refractive correction, one could argue that in industrialized countries such as the United States, public health measures should aim to allow every individual, especially school-age children, to achieve their best possible corrected visual acuity.
In summary, we found non-Caucasian race/ethnicity to be a significant risk factor for inadequately corrected refractive error resulting in visual impairment in our study population of adolescents, adults, and the elderly in the United States. Race/ ethnicity disparities seem to be more pronounced in subjects with low annual household income, low education level, and lack of health insurance coverage but persist even in subjects with higher income, higher education (up to ''some college''), and with health insurance. Although most individuals across all socioeconomic strata are able to obtain corrective lenses when they are needed, some medically underserved race/ethnicity groups are unable to obtain appropriately updated prescriptions and therefore live with undercorrected refractive error. The lack of appropriate refractive correction has extensive social and economic impact including limiting educational and employment opportunities, which exacerbates the disparity between non-Caucasian and Caucasian populations. Targeted efforts to provide culturally appropriate education, accessible vision screening, appropriate refractive correction, and routine follow-up, particularly to Mexican Americans, African Ameri- cans, and other medically underserved groups, may be a worthwhile public health strategy. Further studies are needed to investigate potential reasons for such racial disparities in obtaining appropriate refractive correction, which may include poor education and awareness regarding the need for ophthalmic care, lack of insurance or access to healthcare facilities, as well as insufficient funds to purchase the necessary refractive correction.
